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ABSTRACT 
 For the Seoul Metropolitan Government to meet the 
goal of 2050 carbon neutrality, there is a crucial need to 
understand future building energy consumption for 
more informed policy-making. Seoul consists of 25 
districts, which make up six communities. This study aims 
to predict residential electricity uses in six communities 
of Seoul Metropolitan City under different future 
development scenarios. A total of 25 prediction models 
corresponding to 25 districts in Seoul were constructed 
using seasonal ARIMA with exogenous variables. The 
models consider cooling degree days (CDD), heating 
degree days (HDD), total population, older adult ratio, 
and GRDP from 2010 to 2019 as predictive variables. 
Electricity consumption from residential buildings in 
each district at the end of the year 2050 was then 
estimated from the models under four development 
scenarios. The four scenarios were defined based on two 
SSP-RCP climate change scenarios and two Korean 
Statistical Information Service (KOSIS) socioeconomic 
scenarios. The forecasting results were aggregated at the 
community level in Seoul. The aggregated results 
indicated that even under the same sets of scenario 
assumptions, the trend of future residential energy 
change varies across different communities. Therefore, 
different measures should be taken when implementing 
community-level plans to reduce building energy. 

Keywords: building energy forecasting, urban 
development scenarios, community development plan, 
carbon neutral city development,  

NOMENCLATURE 

Abbreviations 

ARIMA 
Autoregressive Integrated Moving 
Average 

SMG Seoul Metropolitan Government 
SSP Shared Socioeconomic Pathways 
RCP Representative Concentration pathways 

1. INTRODUCTION
The International Panel on Climate Change (IPCC)

projected that the goal to limit the global temperature 
rise of this century well below 2°C compared to the 
preindustrial level is only possible when global carbon 
neutrality is achieved by the year 2050 [1]. Along with 
the global consensus to take more proactive measures to 
achieve net-zero by 2050, Seoul Metropolitan 
Government (SMG) pledged for 2050 carbon neutrality 
and submitted climate action plan to the C40 [2]. As the 
building energy consumption sector accounts for 68% of 
the total GHG emitted from Seoul, meeting this goal 
heavily relies on reducing building energy consumption 
by designing an energy-efficient urban environment [3]. 

The identification of climatic, socioeconomic, and 
urban form factors that can potentially influence building 
energy consumption has been thoroughly investigated in 
the literature [4-8]. Based on the results from descriptive 
studies, research on predicting building energy use has 
been conducted. The field where the topic is most 
frequently investigated is architecture engineering, the 
main focus point being on building optimization [9-13]. 
With the rising importance of carbon neutrality, a 
number of scholars have recently started exploring the 
future changes in building energy consumption on larger 
scales [14-18]. However, prediction study which adopted 
scenario frameworks to identify the uncertainties of 
future conditions was hard to come by. Furthermore, 
previous studies only examined future changes in 
national or metropolitan city-scale energy consumption, 
with compromised prediction accuracy and limited 
suggestions for urban planners and policymakers.  

The purpose of this study is to investigate the 
influence of climate change on electricity consumption 
from residential buildings in six communities in Seoul. 
Seoul consists of 25 “Jachi-gu” (hereby districts), wich is 
the unit that SMG collects data most frequently. Under 
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the current masterplan of Seoul, the smallest scale of the 
legally regulated urban plan is “The Community Plans”. 
By this, the SMG categorizes the 25 districts into five 
communities depending on the characteristics of each 
district and implements different urban designs 
accordingly. As one of the communities is divided into 
two, the total number of communities in Seoul makes up 
six. 

 
2. METHODOLOGY 

2.1 Research Range 

 

Fig 1. Map of Seoul Metropolitan City              

25 districts and six communities 

The study area is Seoul Metropolitan City in South 
Korea. The subject of study is electricity consumption 
from residential buildings. The spatial unit of the 
prediction model is the district, and the analytical unit is 
the community. The temporal scope is from 2010 to 
2050, and the temporal unit is a month.   

2.2 Variables and Data 

Table 1 shows the data list of this study. A panel 
dataset consisting of one output variable and five input 
variables in the 25 districts was constructed. Historical 
and future data were collected from different sources.  

2.2.1 Historical Data 

Electricity consumption data was collected from the 
SMG data plaza. Cooling degree days (CDD, base=24°C) 
and heating degree days (HDD, base=18°C) were 
calculated using 1km2 resolution of daily average, 
minimum, and maximum temperature data provided by 
the meteorological administration. Socioeconomic data 
were achieved from Korean Statistical Information 
Service (KOSIS). Table 2 shows the descriptive statistics 
of the pooled data. 

Table 2. Historical data descriptive statistics (pooled) 

 

2.2.2 Future Data 

In examining the energy consumption under 
different levels of climate change conditions, this study 
utilized SSP (Shared Socioeconomic Pathway) - RCP 
(Representative Concentration Pathway) Scenario 

Table 1. Variable List 

 
* yearly frequency data were adjusted to monthly frequency using linear interpolation method in the analysis 
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Framework to collect future climate data. Provided by 
the IPCC, the framework contains 20 sets of climate 
projections, and in this study, only SSP1-RCP2.6 (SSP126) 
and SSP5-RCP8.5 (SSP585) were used. SSP126 represents 
the climate condition resulting from a sustainable society 
with very low GHG emissions, whereas SSP585 
demonstrates the climate resulting from fossil-fueled 
development and very high GHG emissions. In order to 
address the inherently unpredictable nature of the 
future, the “Low” and “High” demographic scenarios 
from KOSIS were used. The name of the scenarios 
represents their assumptions on birth rate, life 
expectancy, and net migration. The future values of 
GRDP were retrieved from the Financial outlook report 
written by the Seoul Institute [19]. A total of 4 
combinations of future scenarios (Low-ssp126, High-
ssp126, Low-ssp585, High-ssp585) were made and used 
as future inputs to forecast the residential energy 
consumption of each district. Table 3 shows the 
descriptive statistics of the pooled data. 

Table 3. Future data descriptive statistics (pooled) 

 

 

2.3 Method 

2.3.1 Prediction Models 

Using the historical monthly data from 2010 to 2019, 25 
Seasonal Autoregressive Integrated Moving Average 
with exogenous variables (SARIMAX) models were 
constructed independently. As a time-series univariate 
regression model, SARIMAX models can predict future 
values of independent variables while accounting for 
serial autocorrelation and seasonality in the data. There 
are six parameters to be set for constructing a SARIMAX 
model (p,d,q, and P,D,Q). Auto_arima module in Python 
pmdarima library [20] automatically sets the best 
possible parameters of a SARIMAX model with an 
optimization procedure. The residuals of generated 25 
models using auto_arima were diagnosed with 
Augmented Dickey-Fuller test and Ljung-Box test, and 
those that contained unit root and autocorrelations in 
the residuals were adjusted manually.   

2.3.2 Climate Change Scenarios 

Two climate change scenarios were adopted in this 
study. Fig 2 shows the average annual surface air 
temperature of the five communities under the two 
climate change scenarios. Under SSP126, the monthly 
temperature in summer will rise 2.28°C in July, 2.76°C in 
August, 2.06°C in September while under SSP585 it will 
be 3.39°C, 3.37°C, and 2.93°C respectively. In winter, 
monthly temperature will rise by 0.79°C on December, 
1.08°C on January, and 0.82°C on February under 
SSP126, and 2.39°C, 2.4°C, 2.14°C under SSP585.  

  

Fig 2. Change of Annual average temperature 

 

2.3.3 Scio-economic Scenarios 

By 2025, the average percentage of older adults of 
Seoul under both Low and High scenarios passed 20%, 
entering a “Super Aged Society” by definition. At the end 
of the year 2050, the average older adult ratio of Seoul 
went up to 39.25% under the Low scenario and 36.51% 
under the High scenario. The level of aging was most 
severe in Community 1 (CBD area), with 44% being the 
older adult population. The total population in Seoul was 
a 9.6million at the end of 2019. However, it will decrease 
to 7.2 million under the Low scenario and 8.6million 
under the High scenario.  

 SSP126 SSP585 
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fig 3. Residential electricity consumption forecasting 
of Gangnam-gu, under 4 scenario combinations 



  4 

3. RESULTS AND DISCUSSION 

3.1 Model Results 

  All 25 models passed residual diagnostics. The 
average prediction error rate of all models was 
calculated by NRMSE (Normalized Root Mean Squared 
Error) and MAPE (Mean Absolute Percentage Error). The 
NRMSE mean is 0.102 and MAPE mean is 12.78. The error 
rates of building energy consumption models varied 
from 1% to 50% in the reviewed literature [14-18]. 
Therefore, it can be concluded that the model 
performance was in an acceptable range. 

Table 4. Model prediction performance results 

Model Evaluation: NRMSE Evaluation: MAPE 
District1 0.0796 14.061 
District2 0.0833 12.148 
District3 0.0691 12.655 
District4 0.0779 12.020 
District5 0.0646 13.110 
District6 0.0782 11.637 
District7 0.1372 12.913 
District8 0.0669 13.863 
District9 0.0755 11.322 

District10 0.088 13.368 
District11 0.112 13.172 
District12 0.077 14.078 
District13 0.100 12.915 
District14 0.217 9.7478 
District15 0.114 13.400 
District16 0.073 12.288 
District17 0.060 12.036 
District18 0.200 10.402 
District19 0.088 15.679 
District20 0.068 13.896 
District21 0.123 13.411 
District22 0.153 14.420 
District23 0.124 14.135 
District24 0.064 12.893 
District25 0.171 10.142 

mean 0.102 12.788 
3.2 Forecasting Results 

Every district’s residential electricity consumption 
was forecasted under four combinations of climatic and 
socioeconomic scenarios, as shown in figure 3. A total of 
100 predictions were conducted. Then the forecasting 
results were aggregated at the community level. Figure 4 
and Table 5 show the residential electricity consumption 
in the 2010s (historical data, 2010 ~ 2019), 2020s (2020 
~ 2029), 2030s (2030 ~ 2039), and 2040s (2040~2049). 

Community 1 is a Central Business District of Seoul. 
Residential electricity consumption in Community 1 is 
expected to rise by 74.56% (High- ssp126) to 81.47% 
(Low-SSP126) by the start of 2050. Community 2 is the 
commercial area and is the only community whose 
predicted residential electricity consumption is expected 
to decrease by the range of 13.28%(High-SSP585) to 
27.23% (Low-SSP126). Community 3 is one of the 
residential areas but is closer to downtown. Residential 
electricity consumption is also predicted to rise by 
26.92% (Low-SSP126) to 33.08% (High-SSP585). 
Community 4 is also a residential area. However, no 
significant change in residential building energy 
consumption is expected. Community 5 is considered to 
be an industrial area, and the increasing percentage of 
residential electricity consumption is from 23.35% (Low-
SSP126) to 29.95% (High-SSP585). Lastly, Community 6 is 
a cultural and artistic area with a number of tourist 
destinations. Residential electricity use is expected to 
rise by 24.99% (Low-SSP126) to 31.46% (High-SSP585) by 
the start of 2050.    

  

Fig 4. Forecasting results 

 Table 5. Forecasting Results 
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4. CONCLUSION 

This study forecasts future residential electricity 
consumption in Seoul under different sets of scenarios 
on climate change and socioeconomic shifts. Three 
communities (Community 3, 5, 6) were expected to 
experience an increase in residential energy 
consumption, and the changing range was the biggest 
under the High-SSP585 scenario. However, another 
community (Community 1) was predicted to have the 
same trend, but the expected gap between current 
energy use and the 2040s’ was the biggest under the 
Low-SSP126 scenario. Moreover, energy use in 
Community 2 was predicted to decrease significantly 
under all four sets of future scenarios. This indicates that 
even under the same set of assumptions on the future, 
future consumption of energy can vary within the 
metropolitan city. Therefore, such spatial variations 
must be taken into account when implementing 
measures for designing energy-efficient urban 
environments.  

Theoretically, this study did not consider the 
emergence of disruptive technologies. Instead, it 
examined how future energy use will change under the 
assumption that current climate and socioeconomic 
trends persisted so as to provide implications to urban 
planners and policymakers to deal with the predictable 
range of the future. Methodologically, the study ignored 
the spatially correlated nature of energy use and 
constructed independent prediction models for all the 
districts separately. Machine learning models such as 
Long-short term memory models will be applied in future 
works to use the panel data fully. 
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